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® X-RAY CONTRAST MEDIUM FOR EXAMINING LARGE AND SMALL INTESTINES. 

€> An X-ray contrast medium for examining large and small intestines comprises an aqueous susoension 
containing 15-35 % (by W/V, the same applies hereinbelow) of barium sulfate and O.frO.15 % of xanthan^ ium 
2!Z£ T ^° Um °!^l^ m iS reduced 38 concentration of the sulfate is increased and vice versa, more 
JT^ ° f tbe 9Um te °'*°*> 0 Z ^ 5 and ° ^ 0 4 % » h * rt W concentration of the sulfate is- 
1 5-20 20.30 and 30-35 %. respecUvely. This medium has an extremely good fluidity, gives a cteer ooSSven 

IrfT ^ int8St,n f a0d lmpf0VeS ^* tt *<** ° f **aya. Therefore, it has remarkable 

^^f?nt freqU0OC I ° f p0Stural Chan ^ of a subject can be reduced and the requirement for the 
expertfsm of the operator can be reduced. 
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■ (Technical Field] 

This invention relates to a barium sulfate contrast medium for use in X-ray examination by double 
contrast method of the large and small intestines, and also in computed tomography (X-ray CT) of the large 
s intestine, practiced in the medical field. 

[Background Art] 

In recent year$, with the change in food life to European and American styles, large intestine cancer is 
10 remarkably increasing in Japan, too and the importance of large intestine examination has been rapidly 
recognized. 

Nowadays, progress and propagation of diagnostic imaging by computed tomography (X-ray CT) f ultra- 
sonography (US), magnetic resonance imaging (MRI), etc are remarkable, and these diagnostic imagings 
have been also incorporated into the diagnostic region of tubular organs such as the large intestine. 

1$ However, most of large intestine diseases stem from lesions occuring in mucosa, and for discovery of such 
lesions, as a matter of course, but also for grasping of detailed characteristics of the lesions, enema X-ray 
examination and endoscopy have been utilized as important means. 

The enema X-ray examination methods known in the prior art may be broadly classified into the filling 
method, the double contrast method, the compression method, the mucosal relief method, etc., and 
• 20 according to the present standard of Ministry of Health and Welfare of Japan (reevaluation result), it is 
approved to use 200 to 2,000 ml of a 20 to 130 w/v % barium sulfate contrast medium. 

Among these methods, since double contrast barium enema is optimum for imaging of lesions and 
diagnosis thereof, it holds the primary place In the current examinations. 

The double contrast barium enema is a method, in which barium sulfate, a positive contrast medium, is 

25 coated as a thin layer on the inner walls of the large intestine, and air. a negative contrast medium, is 
simultaneously insufflated to inflate the large intestine, whereafter X-ray transmission is performed to image 
the state of the large intestine mucosa surface. 

The double contrast barium enema includes the Rsher method (1923) in which an aqueous barium 
sulfate suspension with a concentration of about 40-50 w/v % is injected as a contrast medium after 

oo washing the intestine, the contrast medium is discharged out of the body and then air is insufflated, before 
taking double contrast images; the Welin method (1953) in which after washing the intestine with quantities 
of water or enema as the primary treatment an aqueous barium sulfate suspension with a high concentration 
of about 100 w/v % i$ likewise charged into the intestine as a medium, the contrast medium is discharged 
out of the body and again a small amount of the contrast medium is injected with insufflation of air before 

35 taking double contrast images; and the modified Brown method (1963) in which the contents of the large 
intestine are removed without washing of the intestine by carrying out the preliminary treatment of 
application of strict diet control combined with administration of laxative, a barium sulfate contrast medium 
is charged into the intestine and double contrast images are taken without accompaniment of discharging of 
the barium sulfate contrast medium. Further, the modified Brown method has been improved so as to be 

40 well adapted for the Japanese and to give good double contrast images. 

This modified Brown method is a method, in which after removal of the large intestine contents by 
injection of tow fat and low fiber meals (meals for contrast enema) combined with administration of laxative 
(saline laxative and contact evacuant). 200-300 ml of an aqueous barium sulfate suspension of a relatively 
higher concentration of about 60-80 w/v % is injected as a contrast medium into the intestine and. without 

4$ being discharged, permitted to reach the deepest possible point of the large intestine by rolling the patient 
before insufflation of air for fluoroscopy or photographing. According to this method, it has become possible 
to visualize the state of the large intestine mucosa as fine network patterns. 

Generally speaking, when a barium sulfate contrast medium which has been heretofore used in practice 
is usa3d to conduct X-ray examination by double contrast method, if the concentration of barium sulfate used 

so is low, the amount of barium sulfate coated is not enough to give good double contrast image, while as the 
concentration is higher, the amount coated on the intestinal mucosa is increased, but the coating of barium 
sulfate on the intestinal mucosa surface becomes too thick to give a fine network pattern, and also difficulty 
is frequently encountered in moving the contrast medium throughout the intestinal tract. For this reason, 
ordinarily, a barium sulfate contrast medium with a concentration of 60 to 80 w/v % has been used in X-ray 

99 examination by double contrast method. 

In double contrast barium enema by use of a conventionally used contrast medium containing barium 
sulfate at a concentration of 60 wAr % or higher, due to X-ray intransrolssion at contrast medium pools 
which tend to be formed at flexures of bowels, imaging of intestinal walls is almost impossible, and further 
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when another intestinal tract overlapping the Intestine to be imaged in the X-ray direction by fluorosconv 
exists, imaging of the overlapping Intestinal portion is totally impossible "poroscopy 

111 r reaS °?' in .° rder t0 Perf0fm di39n0sls without overlookings, it is ideal to carry out examination of 
the whole large intestine with as small amount of contrast medium as possible (around 150 to 200 ml) so 

SLSSiJ ^ OCC -^ ? WeVer ' SirtCe ** ,ar9e inte5tine extends witn a complicated steric structure, a 

■ SSTSlJi? < .r^ teCnn0k>Qist in de,iverirt 9 *• **«ed contrast medium to the depths of 
the large intestine by way of rolling the patient. u» 

nat^i^S? ^ COnt ?f T^"" 1 We " 00 ' nte$tinal Wa " 5 ' * is n«*ssary to conduct the rolling of the 

M k h ' ? "! d8ta " ed mamefS ' whi0h means *• i">P<*es much burden on 

ro physically handicapped patients and aged people. "uruen on 

of fiST^S^! 8 COntra3t T diUm e0BW °" intesfinal wa " 5 ' thin ,ayer3 * 9 «*> f are c '**ed with lapse 
£, h .' ^ nec993ar y to complete photographing relatively quickly and hence a further skill ofihe 

technologist bang demanded in order for these different requirements to be met 

.nd^n^ 6 ? 10 the K Sma " imeStiW> wch dise3Ses 33 are p6Cu,iar t"*"* 0 ' ter example, Crohn disease 

S o h u? (6C&ntSy come 10 66 reported and importance of — — ! 

rf; '"^f^^ i0n of sma " Valine, X-^V examination is mainiy employed because of the extreme 

fntS rl^tZ^T^T eXaminati ° n in ,his case - ^ lamination methods for the s3 

ZZSl^TJ?* V "ft?? int ° *• ° ral 3dministrati0n ™»od. the complete reflux small bowel 

SSTSLf? ^ ,ntUba,i0r1 me<h0d ' ^ WhiGh *• *«* by double contact 

method using the complete reflux small bevel method is considered best for the purposes of the dSnoS 
Of organic lesions in the small intestine. purposes or me diagnosis 

and^LritT! i S batfor L "If 1 "* * 3 method in wnicn a Mufld fe insert ^ to the depths of the duodenum 
imLL Tn L ? h contrast medium and air are infused direct into the small interne to obtain contrS 
•mages in this method is used a barium sulfate contrast medium comprising a barium sulfate aoueoS 
suspension wth a concentration of 50 to 70 w/V %. It is impossible to use such a barium sulSe cSS 
medium for the purpose of obtaining double contrast images all over the small intestine 

,im J. ^ ° f *• j9iunum * e ««"" and te derail length Is six to eight 

times that of the large intestine. Many flextures exist in the small intestine and there is a difference in the 
muMus membrane structure between the jejunum where villi are well develop and mucT Sage^s 

Riri^rmore. because of the peristalsis being strong in the jejunum and weak in the ileum the 
^ZTTl^T "** TOntraSt medium in «• ^act is fast in the upSeam portion ZoeS 

S7i^fj^rr Pr ° C ^ S ? ^ ^ °' ^ s ™« intestine. Vvhen J^SS^tSSi 

* i2f J , ^? ifT <* 40 % or lower, the transfer in the intestinal tract gets faster but the 

ElSIllT^ I ' ? 8 fl0WaDi,ity is « ex »ont that the infused barium sulfate confiast 

medium reaches the ileocecal region with difficulty. 

contract m^ f ^l!?,^?«!! rt ^ ,e haS ^ flexuous * 0v ° rta PPto Portions, barium sulfate 
«S dOubf conSTmSS, ! l h 5 ^ n " fc W h » of 1,18 sma " irt ^"e X-ray examination by 

double contrast method is conducted by using a barium sulfate concentration of 50 to 70 w/v % that is in 

«ntS e rZT Zt""*" ST^ ^ ,ar9e inte5tin8 ' No ^ of the intestinal ^ 

, fS 8 ,' S P 085 *' 8 b9CauSe of ^ »«"»8 unable to be transmitted therethrough 
SSSS. ^ S ° VeriapPin9 ,h6Se 1X0,8 fn direction «V fluoroses canrX 

50 „ Acc ^ d i n 9jy- ^P* 5 «o conduct the smaj. intestine x-ray examination by double contrast method lead 
which ^17^ ^ S meth0d needS t0 156 W^ontJ by the co^sToTmetS 

dSnc^. ^ W ^ jeiunum ^ oisaovantageously. not to the ileum because of anatomS 

55 (Object of the Invention) 

«J21S? °i lh f 1 present inventi on is to provide a barium sulfate contrast medium for use in the X-ray 
examination by double contrast method of the large and small intestines, which is free, due to excelled 



t6 



30 



25 



30 



SNSOOCID: -c£P 06200lJAlj_> 



.20-DEC-2004 10:51 FROM BOUL WADE TENNANTT TO 0013146122221 p. 64 

EP 0 620 012 A1 

flowabilfty and hence enhanced movability in the Intestinal tract and also to adequate X-ray transmission 
(rad.olucency) and high coating ability, of the blind points in diagnosis as described above caused by 
contrast medium pools and overlaps therewith of intestinal portions and which obviates a high degree of 
technical skill that has been a drawback of the X-ray examination by double contrast method of the prior art 
The present inventors have previously found that when double contrast barium enema is carried out 
using an aqueous suspense containing barium sulfate at a low concentration of 1S to 35 % w/V and aum 
tragacanth at 2.0 to 0.5 % w*. adequate X-ray transmissibility and high coating ability can be obtained and 
I 6 ? llfT <BB ? no8te caused contrast m edium pools or overlaps therewith of intestinal portions 

to ob r at ! t ,or 8 high degree ° f $m **> <* 

. be conducted .mmediately subsequent to the performance of the double contrast barium 
enema <JP, A, 2-85217; US. A, 5,160.724; EP. Bi , 360266). 

In the case of the above described barium sulfate contrast media in which gum tragacanth is used 
however, the coating ability is enhanced at the sacrifice of a certain degree of flowability. It would therefore 

v ' f th9 ,toWability 080 be increased whto mai "^ining the coating ability so as to conduct 
with more ease X-ray exam.nat.on by double contrast method over the whole range of the large intestine. 

Thus, an X-ray contrast medium using gum tragacanth has already been suggested UP, A, 2-85217) In 
this case, however, the amount of gum tragacanth used needs to be increased if the coating ability of the 
* ^ Com( *** w vis - a ' vis th * wal 's of the intestine is to be enhanced. What is worse, the more 
the amount of tragacanth used is. the less the flowability becomes. 

™^l reSUlt ° f ^ll* S<U ? ieS undertaken to * contrast medium equipped with satisfactory 
properties ,n respect of both coating ability and flowability, the present inventors have now found that when 
SJSHSr 1 ! ^"f 60 * ^ojowability can be significantly ameliorated while maintaining the coating ability 

^IZt llV attai " ab,e With 9Um ** also that there exist optimum amounts ofLrJhan 

gum used for banum sulfate concentrations. 

r^rJl 1 *'? Ha !, °° W bee " f0Und ** by us5 " 9 xarthan 9 um 35 «» additive and increasing its amount in 
response to a decrease in the barium sulfate concentration the coating ability can be controlled with the 
result that excellent comrastability is attainable while maintaining satisfactory flowability 

»Jl h ?? f° b !! n ,0und ** ** ***** medium developed as a result of the findings as described 
above can be used as extremely excellent contrast medium in computed tomography <X-ray C T) without ••• 

Sstinal Set ° 0nCentrat,0nS of ba,ium sutfate to be coated homogeneously on the walls of the 

. . present invention provides an X-ray contrast medium for examination of the large and small 

as ^^^SS^Z. aqU90US SUSPeflSi0n C ° ntainin9 15 to 35 ^ % * bari - «- 0.6 to 

^^JS^S' 1116 prSSent inV6nti0n P"^ 68 an X,ray contrast medium examination of the large 
n^Rfci nT a '^ TO oompnS'nQ an aqueous suspension containing 15 to 35 w/v % of barium sulfate and 

L « «: Xa 9um * whereJn " hen the barium sulfate concentration is in the range of 15 to 20 

*f ® nWunt ° f xanlhan 4 £"» U5ed is in *»e range of 0.3 to 0.6 w/v %; when the barium sulfate 
S? cf 2° n 18 "l* 6 ?T ? f 20 to 30 w * *• ,he of xanthan gum used is in the range of 0.2 to 

vfJL^ arK, ^ ,en ** oenum sulfate concentration is in the range of 30 to 35 w/v %. the amount of 

5^<£ZLZ£j? J ? T °'-?- 15 10 0 4 WA/ % » 8041 Wherein ' in •** «* the h, 9^ barium 
aUte^ncenlration is. the smaller the amount of xanthan gum used is: and the tower the barium sulfate 
concentration is, the larger the amount of xanthan gum used is. 

tw^*S"!f B J' ,i2f C °. n,raSt COmp0$ition in which xantha " 9"m is used is known from the literature 
^!J"/ P " 2 4057, re,ererice 13 made 10 ^ X " ra y contrast composition using xanthan gum. The use 
of xanthan gum m the composition, however, is for the purpose of ameliorating the physicochemical stability 

f^l^T^ i " S ^ PenSi ° n ' * min9 * Stabi " zation to acid. Furthermore, the composition is 

for use in the Mhng method and uses, as described In the publication. 0-1 w/v % of xanthan gum for 20 w/v 

2L2£2!Th*^ S ° Ch 8 oom « ,0 * ton il is impossible to obtain double contrast images X-ray 
examination by double contrast method. ' 

nf JLIhi! ^ reC ° 9 : iZed l n this 1 context combination of barium sulfate concentrations and amounts 

^JEI^ > ^extremely characteristic, constituting an important element of the present invention. 
SS aJXtT.^ l^S- v ^ ^ ^ mediom accordin 9 to Present invention is extremely 
method examination by double contrast method by way of peroral intubation 

intJ^t ^ C ° n ll 8St ° f f? preSem inv ° ntion is 01 900d "owability. good movability In the 

intestinal tract, and good coating ability vis-a-vis both the jejunum and the ileum, and is subject to no 
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floccuiation with the result that contrast medium pools formed are extremely few and hence satisfactory 
double contrast images can be obtained all over the small intestine ^"sraciory 
Furthermore, even at contrast medium pools X-rays are adequately transmissible so that satisfactory 
.mages dt^ walls of the intestine can be obtained. In addition, those intestinal portions overlapping such 
5 pools «. to X-ray direction by fluoroscopy can be delineated as sharp images, so that diagnosis can be 
performed for certain. 

Furthermore, the contrast medium according to the present invention is extremely advantageous when 
used in diagnosbc imaging by X-ray CT. Thus, the diagnostic imaging of large intestine diseases by 
computed tomography (X-ray CT) has been at present considered to be an essential examination in the pre- 
re operative determination of disease stages. While examination by double contrast barium enema or 
endoscopy amis at .mag.ng of fine fesions appearing on the large intestine mucosa surface computed 
tomography (X-ray CT) is directed at grasping of the progressing state of lesions primarily on gastrointes- 
Jl L Vf"^ su <* walls, whereby information with regard to cancer such as information about the 
depth of wall Invasam, invasion to adjacent organs, lymph node metastasis, peritoneal dissemination 
emote metastasis (Bver metastasis), etc. can be obtained, and thereto* a high degree of diagnosis to 
large intestine cancer becomes possible by combination of these examination methods 

If computed tomography (X-ray CT) is to be performed after the examination by double contrast barium 
enema of the pnor art, the contrast medium needs to be completely discharged prior to the performance of 
me x-ray CT exam,nation. since those artifacts are otherwise produced in the resultant image by the 
contrast medium remaining within the intestinal tract, which interfere with diagnosis. The subsequent 
computed tomography (X-ray CT) is therefore obliged at present to be performed on a later date by way of 
the reflux large bowel examination with Gastrografin. the reflux large bowel examination with olive oil the 
barium sulfate contrast medium infusion using barium sulfate at low concentrations of S w/v % or lower' etc 
Where this is the case, the burden on patients increases and much more labor is needed in examination 

2?'J2 "^T 6 ' V*l n6ed * *• P atient *9*n- Since the large intestine tends to move within 

. the abdominal cavity, if computed tomography (X-ray CT) and double contrast barium enema cannot be 
T^^^^Z ^ ** ide «°« 0 ' 'etfonal sites frequently becomes difficult. According to the 
a^SZ^llf? PfeSent ,^Venton • COmpUted ,0rT>09raphy <***T CT) can be performed immediately 
,„ l^TT^ banum enema, so that the affected part can be clearly delineated without formation of 
30 frff 1 f ^^T' 8xamination Can ^ made with the minimum scanning while targeting those 
baonal sites identified by the preceding double contrast barium enema, the patient's burden and exposure 
to X-rays can be significantly reduced. ^ 
The present invention is described in more detail below. 

,^ e c °T tr < fL n lf diUm ac f 0ldin 9 to ,he P resent invention comprises an aqueous suspension containing 
15 to 35 w/v % of banum sulfate and 0.6 to 0.15 w/v % of xanthan gum. Xarrthan gum canbe produced by 
fermentation of carbohydrate using the Xanthomonas bacteria Xanthomonas campestris. followed bv 
pwiflcabon drying and grinding. It is a polysaccharide composed mainly of the sodium, potassium and 
calcium salts of glucuronic acid. D-mannose and D-glucose. which is widely used in foodstuffs 
cosmetics, pharmaceuticals etc. as a thickner with resistance to acids, salts, heat and freeze, in the contrast 
medium according to the present invention, the xanthan gum concentration is dependent upon the barium 
Sulfate concentration, and is Increased as the barium sulfate concentration is decreased to a relatively low 
concentration. 

Thus, for example, for barium sulfate concentrations of 15 to 20 w/v %, 0.6 to 0.3 w/v % of xanthan 
gum is incorporated; for barium sulfate concentrations of 20 to 30 w/v %. 0.5 to 02 w/v % of xanthan aum 
is incorporated; and for barium sulfate concentrations of 30 to 35 w/v %. 0.4 to 0.15 w/v % of xanthan gum 
is incorporated, fn each of these combinations, the higher the barium sulfate concentration is. the smaller 
of e x^^ gumu'sed n is 9lim * "* *** ** SU ' fate concentration is. the larger the amount 
to order to finely delineate mucous membrane surfaces in X-ray examination by double contrast method 
sulfate may bZ2&** COftft * St8bl " ty ,or a lon 9 of 9™ «*lc and/or sodium chondroitin 

Gum arabic and/or sodium chondroitin sulfate may be used normally in amounts of 0.5 to 2 0 w/v % 
«^Iu.!L COnt !f St m . edlum according to the present invention has excellent properties In respect of both 
flowabttty and coating ability. By conducting double contrast barium enema using 400 to 500 ml of the 
contrast medium the X-ray examination of the large intestine can be performed without a high degree of 
~? t "2.. ** ? rior art Furthermore, because of the adequate trai>smissibility of X-rays, diagnostic 
theSh ^ POSS ' ble alS ° reSpeCt of cormsi medium P°° ls a s well as intestinal sites in overlap 
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^f^irT" wh ^ ,ar « e intestine c 3 "" 1 - found in double contrast barium enema, computed 
tomography (X-ray CT) can be performed immediately thereafter without formation of artifacts which 
interferes with diagnosis, and yet examination can be made with the minimum degree of scanning intended 
to image the lesional sites, whereby significantly efficient examination of the targe intestine becomes 
possible. « 

In addition, since the contrast medium is coated on the entire mucous membrane surface of the larqe 
intestine .n its extended state, not only identification of lesional sites of the large intestine can be performed 
with ease, but also the relationship between lesional sites and surrounding tissues can be clearly visualized 
Furthermore, due to its high coating ability and high flowebility as well as its adequate radiolucency to 
x-rays, the contrast medium of the present invention is also useful in examining the small intestine which 
nas a wider area to be examined and more overlapping portions than the large intestine. It also enables the 
X-ray exammabon by double contrast method of the small intestine by tha peroral intubation method to be 
conducted w.th ease, and renders possible an extremely precise small intestine X-ray examination 

•The contrast medium according to the present invention may contain different types of conventional 
additive*, for example, dispersing agents such as sodium polyphosphate or the like condensed phosphates, 
wetting agents such as propylene glycol or polyethylene glycol, defoaming agents, preservatives, etc. ft is 
also possible to simultaneously use gum tragacanth for adjustment of the coating ability Also for 
improvement of the dispersibility and coating film forming ability of barium sulfate, one or more kinds of 
and^latin 3 " Cart) ° xymethyl « ellulose ' carageenan. sodium alginate, methyl cellulose 

The present Invention is described in detail by referring to the following Examples. 
Example 1 
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* of purified water were dissolved by heating 0.05 kg of benzoic acid and 0.05 kg of 

2£SS ( 2 , L 8 Sj? nd °£ V Sf™ 9Um mS 0B k9 of SOdium ohondroitin sulfate were then 
dissolved in the solution, whereafter 20 kg of barium sulfate was added, followed by sufficient mixing and' 
dispersing by means of a homomixer etc. .. 

^J^n^If? SU£ ^!? S, ' 0n Sterili2ed b V bating. After cooling 0.01 kg of silicone resiir was 
asepteally added as a defoaming agent and the mixture was stirred well to give a contrast medium 
Specific gravity: 1.131 . »».... 

Viscosity: 48 mPa.s (shear rate 191.5 s~') 
E-type rotation viscometer (Tokyo Keiki) 
Model EMD (cone plate i '34') 
35 Measurement temperature: 30 * C 
Flow curve isshown in Fig. 1. 
Viscosity curve is shown in Rg. 2. 

Example 2 

40 

S TJ? pu J ifted watef wa$ cr,S50,ved b y "^"9 0.05 kg of benzoic add, and a solution of o 02 
£L !2i f^ydroxybenzoate and 0.01 kg of butyl p-hydroxybenzoate in 0.5 kg of propylene glycol was 
tain added to the solution. After 0.35 kg of xanthan gum and 1 .0 kg of gum arable were dissolved^herein 

« homomixeT IUm * ** mb *"* thUS ° btained Was mixed dis P 9rsed usirt 9 

OM JJ! u reS "! a " , su sPenfion was sterilized by heating. After cooling. 0.01 kg of silicone resin was 
aseptically added as a defoaming agent and the mixture was stirred well to give a contrast medium 

Specific gravity: 1.184 

Viscosity: 46 mPa-s (shear rate 191.5 s-') 
60 E-type rotation viscometer (Tokyo Keild) 

Model EMD (cone plate 1 '34') 

Measurement temperature: 30 'C 

Flow curve is shown In Fig. 3. 

Viscosity curve Is shown In Rg. 4. 
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Example 3 

In 93-3 liters of purified water was dissolved 0.1 kg of sodium polyphosphate, whereafter 0.05 kg of 
benzoic acid was dissolved in the solution by heating. A solution of 0.02 kg of ethyl p-bydroxybenzoate and 
5 0.01 kg of butyl p-hydroxyben2oate in 0.5 kg of propylene glycol was added to the solution. In the resultant 
solution were dissolved 0.3 kg of xanthan gum, 1.0 kg of gum arabic and 0.25 kg of sodium carboxymethyl 
cellulose, whereafter 30 kg of barium sulfate was added and the mixture was mixed and dispersed using a 
homomixer. 

The resultant suspension was sterilized by heating. After cooling, 0.01 kg of silicone resin was 
10 aseptically added as a defoaming agent and the mixture was stirred well to give a contrast medium. 
Specific gravity: 1.231 
Viscosity; 36 mPa»s (shear rate 191.1 s~ 1 ) 
- E-type rotation viscometer (Tokyo Keiki) Model EMD (cone plate 1 *34 f ) 
Measurement temperature: 30 * C 
76 \ Flow curve is shown in Fig. 5. 

Viscosity curve is shown in Fig. 6. . 

, Example 4 ■ - 

20 In 93.3 liters of purified water was dissolved by heating 0.05 kg of benzoic add. A solution of 0.02 kg of 
ethyl p-hydroxybenzoate and 0.01 kg of butyl p~hydroxybenzoate In 0.5 kg of propylene glycol was 
dissolved in the solution. After 0 2 kg of xanthan gum, 0.4 kg of gum tragacanth, 0.5 kg of gum arabic and 
0.5 kg of sodium chondroitin sulfate were dissolved therein. 30 kg of barium sulfate was added and the 
mixture was mixed and dispersed by means of a homomixer, 
25 The resultant suspension was sterilized by heating. After cooling, 0.01 kg of silicone resin was 
aseptically added as a defoaming agent and the mixture was stirred well to give a contrast medium. 
Specific gravity: 1.227 
Viscosity: 61 mPa-s (shear rate 191.1 s -1 ) 

E-type rotation viscometer (Tokyo Keiki) Model EMD (cone plate 1 *34') 
30 Measurement temperature: 30 * C 
Flow curve is shown in Fig. 7. 
Viscosity curve is shown in Fig. 8. 

The clinical test evaluations in respect of different properties obtained with the respective contrast 
media prepared in Examples 1 to 4 are shown in the table below. For the pretreatment in these tests were 
$s used low residue food (enema food Colonoclean) and cathartics (125 mi of 13.6 % magnesium citrate 
solution and 10 ml of 0.75 % sodium picosulfate solution). 

The contrastability was evaluated with 5 ranks of coating ability. 
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Table 1 



7S 



20 



25 



30 



35' 



40 



4$ 



50 



Evaluation contents 



£ 
M 

•°. 

4J 

00 
-03 
M 
4-» 
C. 

o 
u 

JO 
3 
0 



Rectum 

Sigmoid colon 
Descending colon 
Transverse colon 
Ascending colon 
Ileocecum 



Rolling of patient 
(coating, 
movement) 



Burden on patient 
(roiling of 
patient, 

examination time) 



Amount of contrast 
medium 



Flowability 



X-ray 

transmissibility 



Example 1 



+*+ 
+++ 
+++ 
+++ 
+++ 



Possible 
at minimum 
limit 



Short with 

little 

burden 



Suitable 
at 400 ml 



Extremely 
good ' 



Air bubble 



Count e rf low into 
the small 
intestine 



Cracking 



Double contrast 
imaging of the small 
intestine by direct 
peroral intubation 
method 



Computed tomography 
(X-ray CT) 



Very good 



Mot 

recognized 



None 



Not 

recognized 
for a long 
period 



Example ' 2 



+++ 
+++ 
+++ 
+++ 
+++ 



Possible 
at minimum 
limit ' 



Short with 
little 
burden 



Suitable 
at 400 ml 



Extremely 
good 



Good 



Not 

recognized 



None 



Not 

recognized 
for a long 
^period 



Example 3 



+++ 
♦++ 
+++ 

+ ++ 



Pogsible 
at minimum 
limit 



Short with 

little 

burden 



Suitable 
at 400 ml 



Extremely 
good 



Good 



Not 

recognized 



None 



Not 

recognized 
for a* long 
period 



Example 4 



+++ 
+++ 
+++ 
+++ 
+++ 
++♦ 



Possible 
at minimum 
limit 



Short with 

little 

burden 



Suitable 
at 400 ml 



Extremely 
good 



Good 



Not 

recognized 



None 



Not 

recognized 
for a long 
period 



Any one of the Contrast media exhibited good 
intraluminal mpvability, uniform coating in 
both the jejunum and ileum and no occurrence 
of flocculatien, thus permitting double 
contrast imaging of the whole small intestine 
Satisfactory imaging is possible even at 
contrast medium pools and intestinal portions 
overlapping them because of adequate x-ray 
transmissibility being achieved there. 



When used to perform double contrast barium 
enema followed immediately by X-ray Ct 
examination* any one of the contrast media 
clearly delineated the relationship between 
the lesional sites and surrounding tissues 
without formation of artifacts which 
interferes with diagnosis. 
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N.B. Criteria for conttastability evaluation in 
barium enema 

s 

+++: readable and sharp image obtained 
• ++ : not sharp but readable image obtained 

10 + : image partially unreadable, but sufficient 

for diagnosis obtained 
± : no image of diagnostic value obtained 

: no image of possible use in examination obtained 



In the above^Jescribed double contrast barium enema teste, ail the contrast media obtained in 
Examples i to 4 exhibited a good coating ability in the rectum, sigmoid colon, descending colon, transverse 
"ST" a ^^ d,n 9 J coton and "eocecum. They had an extremely high flowability in addition to such a high 

JJSJSI? J? ° aVe S T C ° ntraSt ima 9 es of the who, « ^ with the minimum rotting 

of the patient. There were observed no cracking in the contrast medium coatings 

Although each of the contrast media of the Examples was used in a volume of as large a$ 400 ml it 

' mOSt Paft ' ° ftt0 * B inteStioal wa,,s with few P°° ls to give satisfactory double 

contrast images over a wide range of the intestine. Even when a pool was formed, that portion did not give 
nse to any .mage that interfered with diagnosis due to adequate X-ray transmissibifity being secured there 

When computed tomography (X-ray CT) was conducted subsequently to the double contrast barium 
nn,T ;, C J'? ar K?" r3y . T?** 7'^ ***** ^ obtained " whereb y Wentificatton of lesional sites 
dearlyTsSa^d 1 relationships between the lesional sites and the surrounding tissues could be 

r, B m«Mn^l!!L US9d i n J h l X * r8y examination double method of the small intestine by the 

« S '"hibahon method, the contrast media tested above exhibited a good.movability in the intestinal tract 
as well as a uniform coating ability both in the jejunum segment and in the ileum segment, ^ere was 

2Tb2?2l iTJ^ rf ,nte ^' When 8 P00 ' was f0l ™ d - ** P 0 *™ ** "* 9ive rise to 
any image that .nterfered with d.agnosis due to adequate X-ray transmissibility being secured there. 

[Effects of the Invention] 

*l !™ TiQ{m ' n ?'f (ir P^iminary treatment with enema food and laxatives, double contrast barium 
ZT %> US * T 1° 500 ml of contrast n**™ according to the present invention followed by 
computed tomography (X-ray CT), significant effects as shown below can be obtained as compared with the 

*?*-*f y rr'" 380 " by doubte comrast method of the small intestine by the peroral intubation 
method. significant effects as shown below can be obtained with the contrast mediunTof the present 
invention as compared with the prior art. Double contrast barium enema examination: 

]l Eve " in banum suMate medium-pooling portions, adequate X-ray transmissibility for the 

observation of mucosas and margins is secured in such a manner that the pools as well as intestinal 
so portions i overtappmg them can be well observed. Thus the blind points in diagnosis can be eliminated. 

2) Excellent movabilrty in the intestine and excellent coating ability can be simultaneously achieved, thus 
requiring the subject to undergo no excessive rolling. 

3) By use of an amount of 400 to 500 ml, movement of contrast medium to the depths of the larae 
55 sktiledTs obvSted r8d P ° SSibte 5UCh r0 " in9 ° f *" SUbi6Ct 83 W0U ' d fequire the twhno,o a Jst to be 

4) Due to minimized rolling of the subject, large intestine examination is rendered possible that alleviates 
burden on physically handicapped or aged subjects. 
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5) Notwithstanding the use of as much as 400 to 500 ml, there are formed; few contrast medium pools 
and intraluminal double contrast images can be obtained over wide-ranging areas. 

6) X-ray absorption difference within the range of imaging becomes smaller, whereby contrast can easily 
be controlled under X-ray photographing conditions to give very informative photographs. 

5 7) Due to no excessive counterflow of contrast medium into the tower part of the small intestine, 
overlapping with the lower part of the large intestine can be prevented. 

8) Times required for examination are remarkably shortened as compared with the prior art. 

9) Due to good water-holding capacity, coated contrast medium layers do not crack over a long period of 
time. 

io 10) Since the absolute amount of barium sulfate used is small, discharging after examination can be 
performed with ease. 

Computed tomography (X-ray CT) 

75 1) Immediately after double contrast barium enema, the examination of lesional sites can be conducted, 
and computer tomography (X-ray CT) can be performed Without formation of artifacts (artificial products) 
which interferes with diagnosis. 

2) Since computed tomography (X-ray CT) can be performed immediately after double contrast barium 
enema (hence while the contrast medium is coated onto all the internal circumferences of the whole 

' so large intestine in the extended state), the identification of lesional sites can easily be made and. the 
relationship between the lesional sites and surrounding tissues can be clearly visuaJized. 

3) Since lesional sites pointed out by double contrast barium enema examination can be immediately 
observed by computed tomography (*rey CT). it becomes possible to perform examination with the 
minimum degree of scanning by relying on the lesional sites identified by the slit scanography as the 

*s targets, whereby the X-ray exposure to the patient can be greatly reduced. 

4) Since double contrast barium enema and computed tomography (X-ray CT) can be performed 
continuously, no repetition of pretreatment is needed, thus reducing the burden on the subject and also 
significantly dispensing with time and tabor required for examination. 

30 X-ray examination by double contrast method of small intestine 

1) Due to good intraluminal movability. uniform coating in both of- the jejunum and ileum and no 
occurrence of flocculation, the contrast medium permits double contrast imaging of the whole small 
intestine. % 

9$ 2) There are formed few contrast medium pools and double contrast photographs can be obtained over 
wide-ranging areas of the small intestine. Even when such pools are formed. X-rays are adequately 
transmissible therethrough so that the pools as well as intestinal portions overlapping them can be 
observed. Thus the blind points in diagnosis can be eliminated. 

3) Times required for examination are significantly shortened as compared with the prior art 

40 

[Brief Description of the Drawings] 

Fig. 1 is a graph showing the flow curve of the contrast medium of the present invention obtained in 
Example 1, 

45 Fig. 2 is a graph showing the viscosity curve of the same contrast medium (Example 1). 

Rg. 3 is a graph showing the flow curve of the contrast medium of the present invention obtained in 
Example 2, 

Fig. 4 is a graph showing the viscosity curve of the same contrast medium (Example 2), 
Fig. 5 is a graph showing the flow curve of the contrast medium of the present invention obtained in 
50 Example 3, 

Fig. 6 is a graph showing the viscosity curve of the same contrast medium (Example 3), 

Fig. 7 is a graph showing the flow curve of the contrast medium of the present invention obtained in 

Examples and 

Fig. 8 is a graph showing the viscosity curve of the same contrast mecBum (Example 4). 
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Claims 



1* An X-ray contrast medium for examination of the large and the small intestine comprising an aqueous 
suspension containing 15 to 35 w/v % of barium sulfate and 0.15 to 0.6 w/v % of xanthan gum, wherein 

5 when the barium sulfate concentration is in the range of 15 to 20 w/v %, the amount of xanthan gum 
used is in the range of 0.3 to 0.6 w/v %; when the barium sulfate concentration is in the range of 20 to 
30 w/v %, the amount of xanthan gum used is in the range of 0.2 to 0.5 w/v %; and when the barium 
sulfate concentration is in the range of 30 to 35 w/v %, the amount of xanthan gum used is in the range 
of 0.15 to 0.4 w/v %, and wherein, in each case, the higher the barium sulfate concentration is, the 

jo smaller the amount of xanthan gum used is; and the lower the barium sulfate concentration 13, the 
larger the amount of xanthan gum used is. 

2. The X-ray contrast medium as claimed in claim 1, wherein gum arabio and/or sodium chondroitin 
sulfate are/is additionally incorporated. 
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Fig. 3 
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Fig. 6 
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